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AUEUC VARIATION OF THE SEROTOMIM SHTjc WCEPTOR 

Fietil of tha Immntmn 

This Man relates to serotonin receptors. Spacificallr. this invention relates to allelic variants of the 
.serotonin 5HT2|; receptor. 

BackBrnimii n f the tnyanttHn 
Family, twin ».d adoption studies indicate omtic vulnerability to psychiatric disorders, inchiding antisocial 
personalny (Crowe. Ard, Gen. PsycMatry 31:785. 1974). suicidal behavior (Roy et al.. Arch. Gen. Psychiatry 4B'2B 
1991). panic disorder and awiaty. F«nily and population studies have shown that thes. disorders usually co.,ccur 
wrth alcoholism and afa»hol abuse (Roy et al, f^. Neuro^sychophermacoL PsycUetry U:y72. 1987). Ahhough 
psych«tnc disorders often arise from a comple, combination of environm«,tal. genrtic and biological factors it may 
be possible to find biochemical and gametic variables that predict the«, beheviors and also facilitate implementation 
of preventativs and therapeutic measures. 

Several lines of evidence suggest that a lower ectivity of brain serotonergic pathways is related to several 
neuropsychlatric disorder,. Fo, eKample. tawer levels of S.bydroxyindoieac.tic (5-HIAA). the main mataboBt. of 
serotonin (5-HT) in the cerebrospinal fluid (CSF) has been reported « clinical ««Iles of aggroa^on. depression 
mtpulsive crime and alcoholi«a In the genetic hypothesis of these disorders, vutoerabiity b transmitted through 
mhentance of a functionally dhrergent aflele. Variation in central serotonin function wouM hav. pbHotropic effects 
beyond behavior. For example, some effects would bo increasing the vuherability to anxiety and mood disorders a, 
weU as bnpuishre/aggressWe behaviors. 

Several onportant genes for normal brain «^tonin function have been cloned, mchiding tryptophan 
hydroxyla«i (StoD and GoWman. J. NeuroscL Bes. 28:457. 1991), serotonin transporter (Hoffman at aL. Science 
254:579. 1991) monoamine oxidases A and B (Bach et at. Prvc. NetL Acad. Sci USA 85:4934. 1988) and several 
serotonin receptors (Humphrey et at. Trrnnls PhamacoL ScL 14:233. 1993). 



Serotonin acts a> mAv by Undbig to speciRe receptors tocated in the central nervous system. A vast array 
of serotonin receptors has already bean diseovanrd. bvastigatars have dhrided the serotonin receptor subtypes into 
four pharmacologically distinct dassa. dasignatad S-HT, to 54rT4. The 5HT, «,bc.t.gory contein, five different 
subtypes ref«red to as 5HT,a^. Tha 5.HT2 receptors can be divided into three subebsses. BWja. 5-HT2b and 
5 HT2C. The primary structures for a number of tbaia receptors have been ehicidated by motecutar doning. inchiding 
the 5-HT^. 5-HT2 ""I subclasses. 

Serotonin racaptor agonist and antagonisu have been develaped as drugs for treating specific 
neuropsychlatric disordar^ Drugs with affinity for S-HTj racaptors ar. us«l to treat schin.phr.nia. l>arkinsoni».t 
and anxiety disorders. Several aapbones. such as buspirona. gepirone. and ipsaplrona. have high afftftias for 5HT,a 
receptor* h. the brain, and are used to treat anxiety. Far axample. ch»apimi which b an antipsychotic drug with 
fewer extrapyramidal side affects b us«i to treat schizophranic patients who do not respond to other drug 
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treatments. ClozBplna has a strong affinity for the serotonin 5-HT2 subclass of receptors. In addition, 5-HT|a class 
agonists, such as buspirono, are ef f ecthre treatnwits for anxiety. 

Highly sahctiwe S-HT uptake inhibitors, which have minimal effects on norepinephrine or dopamine uptake 
or on other lieurotransmrtter receptors, have been used successf uBy to treat depression. Naturally, eharacteriang 
ell of the specific 5411 receptors wouM cbrHy the rob of serotonin in the central nervous system, and assist 
neuropsychiatric drug devahipmBnt 

The 5-lfT2c serotonin receptor subtype has been particularly interesting to investigators searclung for the 
molecular bases of neuropsychiatry disorders. The 54fr2c receptor gene is widehr expressed in the brain Vrhore 
H is involved in regulathg endocrine responses. Particular responses inchide the production and seaetion of 
edrenocorticotropic hormone (ACTH). oxytocin and prolactin. Genes for rat, mouse and human (Sahzman et aL. 
Bhe/iem. BmpHys. Res. Conrnuo. 181:1469, 1991) 54IT2c receptors have been cloned. The functional state of 5- 
HT2C receptors in normal controb and various patient groups has been studied m vhm by edministering mCPP. a non- 
selective 5-HT2C agonist, and measuring hormonal and psychological responses. In alcohorism. panic disorder, 
seasonal af fecthre dborder and obsessiye-compulshfe disorder, mCPP has been shown to induce different hormonal 
and psychobgical responses in patients and controls. 

As discussed, severel lines of evWence suggest abnormal function of serotonin receptors in certain 
neuropsychiatric disorders. Specif icelfy, pharmacotogical studies in humans suggest that abnormal f unctbn of 5 HT2c 
receptors pby a rob in the etiotogy of certain disorders. Accordingly, there is a need to identify and characterize 
the serotonin receptors and those functional variants which associate with neuropsychiatric disorders. There is a 
corresponding need for assays that win permit Mentification of functional varianu in various segments of the 
population. With this knowbdge, receptor variant spedfic drugs and dragnostic information can ha devebpel 

Brief Dasermtio n af the Rnures 
Figures lA and IB are a set of hydrophfficity plots. Figure 1A corre^onds to the human 5-HT2Ccys 
receptor. Figure IB corresponds to the human B-HTjCw w«ptors. The X-axis represents the amino add number 

of, the human 5-HT2C receptor. 

Figure 2 is a diagram showing the genetic location of human 5W2c receptor gene (HTB2CJ. Multipoint 
analysis placed the 5.HT2C gew on the bag arm of the X chromosome and in the interval between DXS362 and 
DXS42 with odds greater than 1000:1. Sex averaged intervab between the HTR2C Bene bcus and markers are 
shown. 

Hgims 3A and 3B are ptote showing the rotative current potantiab activated by 10 nM 54fT in oocytes 
expressing either 5-HT2c,e, <FiOum 38) or S-HTzccy, ffinure 3AK 5-HT acthrated currenu were suppressed in the 
presence of 1 iM 1-(1-naphthyl) piperazbe HCL (PPRZ). The effect of PPRZ was reversibb after a 20 mh wash. 

Figure 4 is a dose-response curve for 5-HT activated currents in oocytes expressing eitiier 54IT2Ccys 

or S-Ht2Cser 
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Summary nf tha Invantinn 

Ona embodimant of tha present hirantion relates to isolated ONA encoding that ssratonin 5HT2c receptor 
wherein the DNA encodes e serine at amine acid position 23 of the receptor. The isolated ONA may, for example, 
be provided in a recomfainent vector. Praferably the isolated DNA has the nucleie acid sequence of SEQ iO N0:1. 

Abo contemplated in the presMit invention is en isolated protein having tha amino acid secruence of a 
serotonin mTjc rweptor. wherein the protein has a serine residue at emino add position 23. Preferably, the 
protebi has the amino acid sequence of SEQ ID N0:2. 

Assays for the variant serotonin receptor have significant value, both in research relating to serotonin 
function emi in diagnostic assays because of the correlation between behavioral disorders and this receptor. Thus, 
the invention inchides a method for detecting the presence of DNA encodins an ellef c veriant of the serotonin SHTjc 
receptor, comprising isolating DNA encoding the serotonin 5HT2c foceptor. ampifying a region of the ONA that 
encodes emino ecid mmiber 23 of the serotonin BHTzc receptor, end determining whether the isototed ONA encodes 
a serine residue at emino ecid mm.ber 23. wherein . serine residue at amino acid position 23 indicates the presence 
of the aneBc variant of the serotonin SHTjc «"Ptw. one embodiment, the empff yi„, step comprises polymerase 
chain reaction empfification. This empif ying step may advantageously use ONA primers that insert a new restriction 
site near the codon that encodes amino acid number 23. For example, in om embodinent, the restriction site is 
cleaved by Hinfl. In a particular exemplification, the ONA primers ere SEQ 10 NOs 5 and 6. Tha determining step 
of the assay may advantageously be restriction enzyme digestion foDowed by gd electrophoresis, and mey optioneBy 
inch.de denaturation of the isolated DNA. One suftable restriction eniyme is Rsa I. A preferred gal electrophoresis 
utilizes a Mutation Detection Enhancement gel. In another embodinent the determining step further comprises 
nucleic acid sequencmg of the empGfied ONA. 

The present invention further incbdes entibody specific for the serotonin BHTjc illelic variant receptor 
protein wherein the receptor protein has a serine et emino ecid posHion 23. This entibody does not bind tiie 
predominant wild type receptor. Advantageously, the entibody is e monoclonal antibody. 

These antibodies, in torn. pri)vide e metiiod for detecting the presem» of en aOeSc variant of tiie serotonin 
5HT2C '«eptor, comprising providing e biological sample containing the serotonin SHTzc receptor, contacting tha 
^sampU with an antibody which specHicaOy binds to a serotonin SHTjc receptor with a serine residua located at 
amino acid position 23. ami detecting tiie binding of the antibody to the receptor, wherein detectable binding 
indicates tiie presence of an albBc form of the serotonin 5HT2c receptor. Preferably, tiie cells are human, end may 
be brain ceDs. It is preferred tiiat tiie momidonal or polyefamal antibody is specific for tiie extreceOuter loop of the 
fwt transmembremi domain of the serotonbi SHTzc Mtibody is particulariy useful inchiding 

radiolabeied antibody and fluorescent antibody. With fhioreseent antibody, the detecting step can comprise 
fluorescence acthrated ceB sorting. 

The present invention also bichides a metiiod for detecting the presence of an allelic veriant of the serotonin 
5HT2C n«»Ptor by 1) providing a biologicai sample conteining tiie serotonin BHTjc receptor; 2) contecting the 
sempb with an antibody which specifically bimis to a serotonm SHTzc receptor having a cysteine residue tocated 
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8t amino acid portion 23. and wherein said antibody does not bind a SHTjc receptor havbig a serine residue at 
posHion 23; 3) detecting the ab»inc of binding of said antibody to said receptor, wherein lack of detectable binding 
indicates the presence of an aDelic form of the serotonin 5HT2c receptor. 

pataaad Daicri pttI' ff 'iwantlon 

We describe identification of a non-conservative amino ocid substitution in the S-HTjc receptor gene. The 
variant was found using smgte strand conformational polymorphism (SSCP) mialysis. By typing this polymorphism 
in CEPH f amnies. the gene was genetically mapped on the hmg am. of the X chromosome. Since this polymorphism 
was not detactabhi as a comrentional RFLP. we also developed a PCR-RaP based method which ellows rapid 
genotyping in populations and families. 

Central to the present invention is the discovery of an allelic variant of the serotonin SHTjc receptor that 
is functionally different from tiie predominant wid-typa receptor. In tiiis regerd. wa have discovered an allefic variant 
of the 5^20 receptor. This variant is identical to tiie wildtype S HTjc receptor except for a non conservative 
amino acid change in the extraceltoter portion of the first putathta transmembrane domain. A substitution of a serine 
in pbce of the normal cysteine occurred in the 23rd emino acid of the final protein. A guanine (G) to cytosine 10 
genetic transversion caused a cysteme to be repbieed by serine et emino acid 23. As this change places a 
hydrophic amino acid m a hydrophobic domain (see HGURE 1). it would be expected to .her the configuration of 

the membrane-bound receptor. 

Previously, snighi emino acid substitutions within the 2nd. 3th. 5th. and 7th transmembram> domains of 
various serotonin receptors have been shown to drastically change the figand binding characteristics (Baldwin. Cm. 
Qpm. CelBhl. 6:180. 1994; Chanda et al.. MoL Pharmacol. 43:516. 1993; Choudhary et bL. MoL PharmaeoL 
43:755. 1993). In addition, the cysteine at position 23 may be finked to enother cysteine residue in the wildtype 
protein fomiing a di-sulphidB bond bridge. This possibility further suggests that the variant protem. designated 5- 
HTjcser- » conformationaBy and functionally different from the wiWtype protem. 

The present invention includes our discovery of the SWjcwr B'" <SEtt » N0;1) ahing with the 
corresponding variant protein product (SEO ID N0:2) of tills gene, bi addition, antibodies tiiat can distinguish 
between tiie two 5-HT2c <orms are antfcipated. 

One of ordinary skin in the art wiO appredate that a kit can be produced tiiat cmitams al the necessary 
components to identify a carrier of the HTjc^r «««•• This kit woubl mchrfa PGR primers. PCR enzymes, restriction 
enzymes and any other compommt nsaful for determining tiie one base pair change between the wUtype gemi ami 
the allefic variant. PCR primers couM be those «.«npr.d betow and b. SEO ID NOS: 3 ».d 4. or c««tnKUd by 
those of ordinary skiO bi tin art as described below. 

It shouU else be appreciated tiiat one eouU Mentif y the mideic add change between ti>e wihltype end the 
variant 5-HT2C receptor by weB known hybridization techniques. Umler km>wn comfitions. a omi base pair mismetd. 
can be detemuned by. for example. Soutiiem btot analyds or H situ hybridization. 
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Through chromosomal mapping studias wa have discovered that B-HTzcer « toeatad on the X-chromosome 
(see FIGURE S). ft is important to recognize that since S-HTzcer » located on the X-chromosome. any associated 
diseases shouM have an X-inked component. 

We Identified the S-HTjcwr polrmorphism by ampH ying genomic DNA from 62 mdhrlduals and performing 
5 single strand conformational polymorphism (SSCP) mialysis. This procedure is a rapid and efficaciou, method for 
detecting polymorphisms (Dean et aU Ca 610163. 1890; Glavac and Dean, /firjn. Mmtm 2:404. 1993; Poduslo 
et aU Am. J. Hum. G»m. 49:106, 1992). Although 90% of the B-HTac receptor ceding region was screened for 
sequme. variants. «> other vari«.ts were detected. W. foumi that the S HTjcw, v-ri«t was a relathrely common 
non-conservathre amino acid substitution, bi a random population sample, the eOele frequency of the S4IT,r oem> 
10 was 13 percent 

Because the pohrmorphbm was not deteetebte as a conventional restriction fragment bmgth polymorphism 
(RFLP). we used e PCR primer which introduced a base substitution ctose to the codon of interest to create an 
artificial Hinfl restriction site n. only one of the two allelic fomis (Haliassos et aL. Nuc. Acid Has. 17^606, 1989). 
This protocol » discussed in more detail below. Digestion with Hinfl yielded two fragments (18 bp and 86 bp) with 
5-HT2c,er Be™ but left the DNA product undigested (104 bp) with the wHdtype S-HTzccy, oene. This method 
is known as the PCR RFLP method. 

As both the SSCP and PCR-RFLP methods can detect the single nuchotide diffenmce between the two 
serotonin receptor aOebs, both methods wiD yieU identcal results when genotyping any particular individuaL 
Genotyping 50 individuals using both the PCR-RFLP and SSCP analyses yielded identical results, demonstrating 
reproducibllitv of these methods. The conversion of the SSCP-detected variant to a RFLP site faciBtites gemityplng. 
makes the genotyping mere accessibb to a variety of laboratories (eg, research and cEnieal diagnostic laboratories)! 
emi confirms the sequencing results (see below). TWs is especially important when PCR products are duectly' 
sequenced using cycle sequencmg. 

A tight Onkage was found between the described S-HTzc receptor polymorphism and a marker located on 
the hunan X chromosome. DXS734. The DXS734 marker has previously been placed in the Xq21.1 region. Also, 
posithra lod^seores were obtained using a mmber of other merkers m the Xq21.1 region (see TABLE 1). 

The Xq21.1 region is interesting because it contains a mimber of genes that have been correlated with 
cEnicel conditions manifasted with mantel retardation. These diseases inchide choroideremia. ABan-Hemdon-Dudley 
symlrome. Miles-Carpenter syndromes, MRX7 and MRX8. Theref or.^ this B-HTzc receptor is e potential candklate 
30 for these syndromes. 

The present invention, thus, inchides isolated or purified S-HTzcer recepton DNA em:oding that receptor; 
antimdns with specffie binding to the receptor emi assays for detecting the receptor, in eddition. 

expression vectors encormg S-HTjcer ^ ^vmm the recombbumt expression vector are abo miticipated. 
Further, kits end assays for detemdning the presence or absence of the variant receptor are e part of the present 
invantba Thee is an ostabished need for assays osefol in conebting behavnral patterns with chemicBl differmcn 
in faidhriduab, and such an assay for the present 5HT veriant win be a vahiabb tool in neuropsychiatric investigatbitt. 
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The isolated or purified protein is useful inter aSa, in competitive assays and in preparation of monodonai and 
polyclonal antibody against the variant receptor. An additional facet of the present invention is provision of assays 
for compounds that bind or block binding to the S-HTzcm ^ °* embodiraants is discussed in 

more detail in the following examples. 

5 As discussed above, e strong correlation exists between the serotonin famiy of receptors and some 

neuropsychiatric diseases. For this reason it is important to identify as many of the serotonin receptor variantt as 
possible. Investigators bolting for drags thot eHect the quantity of serotonin byproducts need to heve methods for 
testing their eendidates agamst aU serotonin receptors. Thus, the 5.HT2CMr associated ONA end assays 

provide important imfostigative tools for both behavioral research and the screening of neuropsychiatric drag 

10 candidates. 

Another application of our discovery b screening individual carriers of the variant gene. Correlations 
between the eloBc variant and neuropsychiauic disorders lead to the necessity of providing screening techniques for 
identifying carriers of the variant alele. 

As a first step we analyzed the 5 HT2c receptor gene for variants in a population of alcohoics. 

15 EXAMPLE 1 

nptpctiM af the S-HT^ CTfl r " Single-Strand CofffprTOtWn 

Polvmornhism (SSCPl Method 

CeO ines were derived from individual patients by immortalizing lyphoblastoid cells with Epstein Barr vims. 
20 The poputetions inchided Famish alcoholic violent offenders {n-16). Finnish alcohoHc arsonists |n-5) with low CSF 
5.HIAA concentrations, ateohofic American Indians IJemez Pueblo n-8. Cheyenne n-2) and U.S. alcoholic male 
Caucasians (n-16). ONA samples were taken from these immortalized cell lines using standard protocols. Each 
genomic DNA sample was ampBfied in the exon 2 portion of the 5-HT2c receptor gene by using the pohrmerase chabi 
reaction (PCR) with primers that border the exon 2 region: 5HT2C7 15' CACCTAATTGGCCTAnGGTT 31 (SBl ID 
25 N0:3! and 5HT2C8 (5' AAGGATTGCCA6BAGAGACAB 3') (SEQ ID N0:4). Using these two primers wifl allow 
amplification of the region encodmg exon 2 of the gene. Although these primers were used to amplify the region 
of mterest, it win be appreciated by those skilled m the art that other primers eouU accompBsh the same result 

AmplKication was performed m 7.5 fA reactions consisting of 30 ng of ONA. 025 /iM of each primer. 250 
fjM each of dATP. dCTP. dGTP. dHP. 1 /iCI of la «P1 dCTP. 50 mM KCI, 1.5 mM MgClj. Om\% gelatin. 10 mM 
30 Tris-HCI (pH 8.3) and 0.75 units of Taq DNA polymerase (AmpiTaq from Parkin Bmer Cotus). 

ONA samples were amplfied for 30 cycles, each consisting of 1 min at 05*C. 2 min at SST and 3 min 
at 72'C. After empSficatton. the radtoacthrely bbeied ampBfied DNA was digested with 5 uniu of restriction enzyme 
Rse I under standard condittons to aDow this enzyme to gemirate smaller DNA fragments to increasa the sensithrity 
of SSCP detecthm. 

35 FoOownig digestion, the DNA was denatured by dihiting the reactton rofartura with 15 /il of 95% forroamida. 

10 mM NaOH, 0J)5% xytene cylanol and 0.05% bromophenol bhie. and bcubating at 95*C for 3 min followed by 
chilling on ice. 
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m lo.d.11 A Ml 01 ..eh d.n.tur.d ONA unipb onto . Mutation Oirtoction Enhancement (MOE) gel (AT 
B»eh«n, M.hr«n, PA). Th. ONA w.. .bctr.phor,»ed .t 4-C for 16 hr .t 6 V. MOE geU eont.in polyvinyl «,d 
ar. «q»ast.d t. fa. .»p.ri.r to .eryiamid. gd. n «nsftMty for detecting smaO mutational diff erencs b«wa.n DMA 
zm^tes. Th. MBE g.1 w« dri«l ««l autoradiography wa, perfonned at .70-C. DNA fragment, containing a 
smgia mictootld. diff«.nc w.r. dMected by their different rebtiv. rates of electrophor.tlc migration on tbi, gd 

To pronde » additional may f., d«,rmmlnB crrier, of th. Sm2c^ variant, we performed nucleic acid 
s^iuenclng reaction, of th. «nplir»d PCR ,r.gm«,t. d»«:rib«l rton. HmBfe,, one of ordinary skin in the art win 
appreciate that many way, ar. avalabl. to dlroctly d««min. the mictolc acid ,e,uenc. of ONA fragment,. 

EXAMPLE 2 

DNA $Miien;e nelermlnation of PCR RNA Product, ».> i^ .*- ^ | K, ^ jl^. JtMMJlM 



The PCR product was purified by agarose gel ebctrophorwi, followed by «ttr.ctlon with glas, b..d, 
(Geneclaan. BIO 101. La JoOa. CA). ONA was directly sequenced by dideo.y cych-««,u«.ci„g according to the 
manufacturers' instructions {life Technologias. Gaithersburg, MO). 

A G to C transversion caused a cysteine (encoded by TGT) to bo replaced by serimi (encod«l by TCT) at 
ammo acid position 23. These sequences were determined from two males with the 5-HT2Ce., O-notypa. male 
wrth the 5.HT2c,er B«"otypa and a female who i, heterozygous for the S-HTjCcyj/S-HTjCer flanotyp.,. 

Th. ,e,a«,c. wtablishes the molecular basis for the genetic polymorphism detected using the methods 
described in Eiampb 1. Furthermore, the amino acid «,b«itution encoded by the variant DNA wquenc. .stabUsh^ 
that th. S.HT2C variant recq,tor protoin ha, a seme at poshion 23 which may be phyaiologicaBy significant. Abo 
the particular ONA ,ev.anc of th. wriant B-HTjc^^ •»•"• facilitated devetapment of another, technically e,^ 
assay. caOed PCR-RFLP (demib«l in Exampta 4). far d«.nnbing the genotype of different indi«duab. 

HavinB discovered th. polym«phbm. w. th«. dM»min.d th. chromosomal bcation of this gen. as describ«l 
b.low in Exampb 3. 

Pwetit M?PPiPH 9f tha 5-m-,r RBCBntorWTR^r;^ 
Th. 5-HT2C genotyp. w., dnermmed to 10 bifmrnathre CEPH famfies. Data war. entered into programs 
provided by CH»H. and fib, with X chrom«,om. marker, wen. prepared. Two-point led .core .naly«s wes 
parfonned using UNKA6E Oathrop at aL. /tor. H/aU Ac«L ScL USA 81:3443. 1984) and MAPMAKER (Under et 
A. Genomks 1:174. 1987). «.d th. tw^point vahm wor. atiGnd for multipoint analyais. Muhipoint linkage 
analyti, wa, performed u»ng mark«, th.t diowod th. low.« r«:ombimrtlon fr.cti«u Abo. other highly inf omiative 
n«rke» w«. chosen from both th. Cmrthm. (W««.rtach .t pi, Matun 359:794. 1992) wd NIH/CEPH conwrtium 
map, Science 258:67. 1982). Th. g.«, w., phcd in .0 p«ltio« of . m.p «, ord«.d with 

gr..t.r than 1000:1 odd,. u,ing th. TRY command of MAPMAKER Th. data andyzed in tb» m»,n.r for . „umb.r 
of genetic marker, b preunted in TABLE 1. 
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The 5-HT2C receptor polymorphism was found to soorejjrte 'n an X-Enked codominant fashion in CEPH 
famflies and the oanotypes for 10 informatiw famiias were determined. Allela fraqmrndeain 47 onreUted ceuuuians 

(CEPH parents) were 0.13 and 0.87 for S-HTjCer ^^^2Ctiy ^ 
was mapped by using two-point lod scores (TABU t shows the maximum scores). Twonoint analysb yielded a 
maxnnum lod-score of 10.22 to DXS734 which has previously been assigned to Xq21.1. There were also a number 
of other marlcers in this region which were Enked to the 5.HT2C Wtor gene. Multipoint analysn pbced the 5- 
HT2C gene on the long arm of X chromosome end in the interval between 0XS362 and pxS42 with odds greater 
than 1000:1. Sex avereged intervab between the 541120 oene locus and markers are shown in FIGURE 2. 

Table 1. Markers linked to HTH2C 
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Locus 


Probe 


cnzyine 


1 ni^fltiftfl 

LllbOUUll 


a 
*t 


Zmax 


DXS1001 


248we5 


(AC)n 


y 

A 


8.6 


3.67 






454 


GT 


Yai 


18.0 


3.05 






458 


oT 




19.0 


3.51 




DXS329 


KZO-7 


Hindlll 


Xq24H)ZD 






15 


DXS328 


QST-13 


Hindlll 


Xq2i.o-qZz.i 


15 7 


5 14 




0XS328 


QST-47 


rimoiii 




11.6 


3.49 




DXS327 


QST? 


Mspl 


Xq21.2-q22.1 


5J) 


3.69 




0XS350 


RXIOOMI 


Mspl 


Xq21.1-q24 


OJ) 


4.51 




DXS350 


RX-100M2 


Mspl 


Xq21.1-q24 




5.71 


20 


DXS358 


RX-187 


Hindlll 


Xq24-qter 


0.0 


7.22 




DXS358 


RX187A 


TaqI 


Xq24^|ter 




6.01 




DXS358 


RX187B 


TaqI 


Xq24-qter 


OJH 


4.21 




DXS362 


RX-237 


Mspl 


Xq21.1-qter 


2.7 


8.24 




DXS362 


RX-237 


TaqI 


Xq21.1-qter 


8.1 


6J)1 


25 


DXS3B6 


RX-329 


TaqI 


Xq21.1-q24 


OJ) 


3.31 




DXS447 


RX404 


BgOl 


Xq21.1 


13.8 


3.38 




DXS734 


RX-99 


TaqI 


Xq21.1 


0.0 


10.22 




DXS456 


xesoB 


PCR 


Xq21-q22 


7J 


4.73 






chile 


H'mdIII 


X 


14.2 


4.56 


30 


DXS3 


P19-2 


Mspl 


Xq21.3 


9.5 


3.15 



35 



The DXS markers are anonymous tocL -Enzyme- refers to the enzyme that detects the polymorphism. 
-(AC)n- end "Gr represent CAIGT dinucleotide repeat bei; "Locotion- is the known physical location 01 
the marker on the X chromosome, 'q' is the sex-everaged recombination frequency observed with 
5HT2C and "Zmax" is the 100 (log of odds) score at the value of the recombination frequency. 
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Thase results mapped the 5-HT2c receptor Bene to e smaU portion of the long arm of the X chromosome 
which is gemticaBy inked to a variety of known mental retardation syndromes such as choroideremia. AUan Hemdon- 
Oudlay syndrome. Miles-Carpenter syndromes, MRX7 and MRX8. Thus, the described S-HTzq flenetic polymorphism 
could be useful in diagnosis of mental retardation syndromes. 

We also devetopment a technically easier assay, called PCR RFLP. for determining the genotype of different 
imfividttais. 

EXAMPLE 4 

Dgtrotion of the S-HTo p^^ ^ Variant Aftita in inift>M.. a ls bv Usiao th» PCR.RFLP Mathi ^rf 



A 104 bp region of the 5-HT2c the polymorphism was amplified using e secomi set of 

PCR primers. One of the PCR prhisrs was used to introduce a base substitution close to the codon which diffen 
in the S-HTjce, variant allele, creating an artificial Hinfl restriction site only in the ampGfied DNA corresponding 
to the S-HTjCgj variant aUele (HaGassos et al. Nue. AcU Res. 17:3608, 19891. 

The PCR primers were REPA1 (5' TTGGCCTAnGGTTTGGGAAT 3') (SEQ 10 N0:5) and ARTIFACT2 (5' 
GTCTGGGAATTTGAAGCGTCCAC 3'| (SEQ 10 N0:6). REPA1 Introduces a C to G substitution 4 bp upstreem from 
the polymorphic site. This substitution artificially creates a Hinfl RFIP. That is, when DNA containing the SHTjcser 
allele is amplified using these primers end then digested with Hinfl. it yields two fragments (18 bp and 86 bp). 
These fragments can be detected by commonly used gel electrophoresis. 

In contrast, when ONA containmg the more common S-HTjccy, allele was simiiarly ampfified and treeted 
with Hinfl the amplification product remained undigested and was seen as a single band (104 bp) following gel 
electrophoresis. Amprrfieatfam producu wera visualized in ethidium bromide stained 10% polyacrylamide gels. In this 
study, we amplified the DNA from a population imAiding a total of SO controls and pathmts with psychiatric 
disorders. 

Amplification was performed uskig 60 ng of ONA, 0.25 //M of each primer, 250 //M each of dATP. dCTP. 
dGTP. dTTP. 50 mM Kd, 1 J mM MgClj. 0.001% gelatin, lOmM Tris HCI (pH 8.3) and 0.75 unHs of AmpliTan 
(Parkin Ebmir Cetus) in a total vofama of 15^ Samples wera amplified for 35 cycles, each consisting of 1 min 
at 9S"C, 2 mm at 50°C 3 mm at 72*C. 

After ampEftcation, 10 units of Hinfl (New England Biobbs) and rocommamled buffer (1 x concentration with 
respect to the final vohmie) were added directly to PCR samples and incubated for 10 h at 37»C. The DNA 
30 fragments wera rasohred by 10% polyacrylamida gel electrophoresis and stamed with ethidium bromidB. 

To check the accuracy of the PCR-RFIP method, we performed the SSCP method on the same SO peoph, 
including patents and controls, as those used for the PCRRFLP experiment We foumi that both the SSCP method 
and the PCR RFLP method detected the same abBc variant in the S-HTjc receptor gene. For this reason, both 
methods shouU be equally reliable in typing indhriduab for their respective S-HTjc receptor aUetefs). Note that 
because the S-HTjc roceptor gene is located on the X chromosome (see Example 3). generally males wiB carry only 
one eOele. However, females can be either homozygous or heterozygous for these two eOefes. 
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The PCR RFIP method is tedintcaOy easier than the SSCP method because it does not require radioacthra 
labeling of the amplified DNA. to the PCfMlFLP method, ampified ONA fragments are detected by electrophoresis 
through a gel wHhout requiring denaturation of the ONA. Thus the PCR RaP method allows rapid genotyping of 
populations and famifies. 

Having detennined the retathra frequencies of the two identified forms of the S*HT2c receptor in a norinal 
population using the PCR-RFLP method, we determined whether these eDeles occur at abnormal frequencies in 
subpopulations exhibiting several neurepsycbiatric disorders. 

EXAMPLE 5 

DatBctmn of the 5-HT; cior ^""^ " Alcoholic Violent Offenders 

Using the SSCP and PCR-RFLP methods described above, we isolated ONA from immortaGzed ceDs derived 
from Fmnish alcoholic violent individuals. Subjects were further classified whether they fulfilled the DSN! Ill criteria 
for antisocial personality disorder (APD), intermittent exploshre disorder IIEO). or other OSM ill diagnoses, fai addition, 
we took ONA from cell Bnes of controls that had been psychologically interviewed and determined to be mentally 
healthy. TABLE 2 shows the results of this experiment. 

TABLE 2. 

5-HT2Q Genotype Frequencies in Alcoholic Violent Offenders and Controls 



5-HT 



2Ccys 



ASP 
ED 

Other offenders 
AH offenders 
Controls 



0.B6 
0.82 
0.95 
0.90 
0.82 



5-HT2C$Br 
0.14 

0.08 

0.05 

0.10 

0.18 



# Subjects 



72 

38 

37 

147 

123 



To determine H the 5-HT2CMr " " neuropsychiatrfc disorders, a sanOar analysis 

35 is done using a subpopulation exhibiting suicidal behavior. 

EXAMPLE 6 

pfttiirtinii iif the S-HT^ cjp y Variant Allele m Individuala Exhibhino Suicidal Behawint hv Usinn the SSCP Method 

Using the SSCP method described in Example 1, genomic ONA isolated from suicidal individnals is analyzed 
40 for the frequency of the 5-HT2Cser "■"'^ Because suicidal behavior has been shown to have e genetic component, 
the frequency of this aOele is determfaied in die subpopulation exhibiting suicidal tendencies or behavior compared 
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and bidnnduab exMbhins suicidal behavnr. ^ 

To datennine if tl,. B-HT^c^ »ari«rt ri«aia i, linked to other neuropsychiatric di«,rd.rs. a «™,iar .„.,.« 
is dona usaig subpopubtions .xhibhinB panic disorder and clinical anxiety. 

EXAMPLE 7 

PrtfttiW 9i t|.f> B-HI^ c ^ J toripm All» i» m lndiWd ., »K F^ hihh^nn P.n. n.,,. ,„,. . . „ . 

SSCP Mathmt nffWtr oy u:^rqn m 

2^^orc^.,.„..^..„.^,„^.,„,„„^,,,,,^^^^^^ 

a.«^hav.be™.b.wnto,»ve.,en.t.co™po.ent.thef«^^^^ 
.«h.«„,pan.cdisorder.nd/or.n^tycon,.r.dtoanorn»lpop^^^^^ 

carry^ tbe eOe«c v.i,„t o, tbe 5-HT,c «ceptor and .di.«„a. ..H.itin„ panic disorder an.or c Ja„Z 

T. determine if the Sm^,^^ variant allete is Med to other neuropsychiatric disorder., a si^flar analysis 
« done using a subpopulatlon exhiiiting seasonal affective disorder. 

mmLA 

DetectiBH af thp «s.HT^r.,„ tftAn 

*'»*■' ' -"'■"«■«■«» mimiiinn OBBSOnai Alfflrtiva ni>«rrf.. '■■'Jjsj|jnJ||pSSCP 



Mo in Individuals Eihibitinn s,a«nn ,| Affactn,, ni..M ,, ■ 
Method 



.H. 5.HTjt„, „.„„„ .„.^ 

tXAMWFa 

navmg eating disorders. 
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Usinn the PCR-RFLP method described ebove. genomic DNA isolated from individuab whh eating disorders 
i, .nelyzed for the frequency of the S^HTjc^r «"«le. Because eating disorders have been shown to have a genetic 
component, the frequency of this allele is determined in the subpopulation exhibiting eating disorders compared to 
a normal population. 

To determine if the S-HTjcser » ^ " 
is done using a subpopulation exhibiting schizophrenia. 

fXAMPLE 11 

n^ ^.cti„, nf the S.HT. cjt , M Trn l ^Y t W K~"""' Sfhi7nnhrenia bv Using the PCR RFLP Method 

Ustag the PCRRFLP method described above, genomic ONA isohited from schiiophrenic individuals is 
analyzed for the frequency of the B-HTjc^r Because schizophrenic behavior has been shov.n to have a 
genetic component, the frequency of this aUele is determim^d in the subpopulation exhibiting schizophrenic tendenc«s 
or behavior compared to a normal population. 

To determine H the ^2Zs« « " ' "^^^ 

a done using subpopulations exhibiting myoctonic disorders, 

EMUELLIL 

n.«.Minn ^ the 5.HT. C,,, i f pm n T r"- n "''"^■"^ 

Method 

using the PCR RFLP method desaibed above, genomic DNA isolated from indhriduels exhaHting myoclonic 

disorder is analyzed for the fr«,ue«:y of the S-HTjcr ^ B.«««» ^ 
a genetic component the frequency of thU .Hole is d.t»mined in the subpopuhition eshibitm. myoclonic d«order 

compared to a normal population. 

To determin. H the 5-HT2c«„ variant .Dele is inked to other n«.ropsychiatric disorders, a similar analyse 

is done using a subpopulation with epBepsy. 

ncAMPLE 13 

p,w.n, nf th, 54iT^ cin. if^r-i T in K""""* ^'^'^ ^^'^^^^ ^'^"^ 

using the PCR RFLP method described ebove. genomic DNA isolated from indhriduab having epSapsy » 
«..|yz.d for the frequency of the B-HTjcser Because epBepsy he. b«« dmwn to heve . genetic compdnent. 
the frequency of this aDele » determined in the subpopulation exhibiting epilepsy compared to a normal populat-n. 

To determine if the S-HTjcer "riant aOele « Gnked to ether dborders. a simier enalysb b done usmg 
a subpopulation exhibrtmg mamc-depressWe illness. 
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EXAMPLE 14 

Petection of the $-HT 7r. „. Variant Attote in Intfividuah Eihihitim. M, n fe.D«.».,A.> 111,..^ hv U,inH th, KH. 
g RFIP Metliod 

Ujinj the PCR RFLP method descrfted above, genomic ONA iseleted from individuals exhibiting menic- 
depresshre iinass is analyzed for the frequency of the S-HTjc^,, eilele. Because manic-depresshre fflness has been 
shown to have a genetic component, the frequency of this alleie is deteimaied in the subpopulation exhibiting manic- 
depressive illness compared to e normal population. 
'° EXAMPLE IS 

Petection of the S-HT^ r^. , Variant AHeie in bidhriduah E,hihit.«. Tv„ ■ „ Tvo. II AlrnhnK,n. hy u,in„ th. PER. 

BEULM^ad [ — 
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Using the PCR-RFLP method described above, genomic ONA isolated from individuals exhibiting Type 1 or 
Type II alcoholism is analyzed for the frequency of the S-HTzcer '"ale. Because Type I and Type II alcoholism have 
been shown to have e genetic component, the frequency of this aUele is determined in the subpopulation exhibhing 
Type i or Type II alcohoKsffl compared to a normal population. 

Defection of tftg S-HT yr ^, Verwnt Allele hi |ndivid,iab Exhihitma M«nt»i Retardatinn A,.n.i.. ,H ^ 
Xq21.1 Chromosomal Buinii Uamn tha PCR.RFLP MrthnH 

The Xq21.1 region contains a number of gem» that have been correbted with clinical conditions manifested 
with mental retardation inchiding choroideremie. ABen-Hemdon-Oudiey syndrome. Mile^Carpenter syndromes. MRX7 
and MRX8. Using the PCH-RFIP method described above, gemimic DMA is isolated from indhriduals exhibiting one 
of these forms of mental retardation and analyzed for the freqmmcy of the S-HTjc^r •"•'a- The frequem:y of this 
aUele is determined in the subpoputathm exhibiting Xq21.1«iked mentei retardation compared to a normal population. 

mmLa 

Production of Antibodies Ai»m^ 1^ ^ ?rm Variant RecMtnr Pr,t ff|., 

Cells expressing the 5-HT2c,Br orient receptor are obtained from human CSF and lysed with NP40, end 
the isoteted membranes are injeeted bito rabbits. The lyaed inembranes are isobted fai e non-ionic detergent io es 
not to affect the membrane bound receptors. Fraund's adjuvant ii used in the injection to help stimulate an antigenic 
response by the rabbits using well khmivn methods. After two booster shots of the lysed membranes, the rabbits 
are bled and the sera isolated by centrifugation. 

The antibodies m the crude rabbit sera extract are "I labeled by weUnown methods and tested for 
activity egalnst transformed C0S7 cells expressmg the variant receptor. C0S7 eels expressing the wiMtype allele 
are used to preebsorii entibodies with minspecmc bhding. A Western blot having one lami contaming protein lysates 
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from C0S7 caOs exprewmg the variant Bene, and a second lane having lysates from C0S7 eeDs expressing the 
wUdtype 5-HT2Ceys »ceptor (controO Is run. . 

Monoclonal entibodies con be made by weB known methods m addition to the polyclonal antibodies 
discussed above. One method of producing monoclonal antftodias is discussed below. 
5 These antibodies wi» specifically recognize the variant 5-HT2CsBr membranes. 

Antibodies of this type can be used as research tooU to characterize exprwston of this variant on different eels or 
in different populations or under different physiological conditions. Antibodies can further be used as a diagnostic 
of abnonnal conditions linked to expression of the variant 5-HT2Cjer receptor. 

Pr«^..Pt |», nf MMindnnal An f ihnrfhit Aaainst the S HTo r^. Variant HgCTPtW PrrtOff 

CeOs expressing the 5 HT2Cser '""P*"' 
membranes ere pelleted by centrifugation end isolated membranes having bound 5 HT2Cser "ceptor proteins 
15 ere injected in Freunds adjuvant Into mice. After being injected 9 times over a three week period, the mice spleens 
are removed and foBowmg conventional ceO separation technkiuBs were resuspended in PBS. 

The suspemled spleen cells ere mixed (approximately 4:1) with SP 2/0 Myeloma cods. Polyethylene glycol 
is added to fuse the myeloma cells to the spleen cells, and the fused cells are selected in HAT media. The fused 
cells are aGquoted so that only omi ceB is grown in each wefl of a 9B-weD microtiter plate. Each ceH is grmwi. the 
20 media removed and secreted proteins in the media are '»l or Ihiorescently labeled. The labeled media from each weB 
is used to probe a Western blot of ceB lysates havmg the B-HTjcer *• 5-HT2Ccys w«»P««»- ^h' 

desired fusion ceH wSI produce a momiclonal antibody that strongly bhids the 5 HT2Cser ""^P*"' 
the Western blot, but doesn't bind to a SiraBar sized protein in the 5 HT2Ccy8 itmtm lane. 

It wiB be appreciated by those skBbd to the art that a momichmal antibody that specificaly recognizaj the 

detection of pre$em» of the variaoL That is, such a monoctonal antibody would give a negative response with 
receptors from a homozygotic person ior the 54IT2c„r "fh wMb givmg a positive response with a S^iTjccys 
control 

These momiclonal antfcodies provide a way of detectbig expression of the 5 HT2c$8r variant serotonh 
30 receptor proteto. Amither method of detecting expression of tiie 54IT2c«„ variant is by i» «rir hybridization. 

EXAMELUa. 

fa Sita Hvhridizait iHi' ll«lM S-HTy5»... Vwiam fow FfaBfnenU 

M au hybridizatton aBows tiie identification of mRNA within intact tissues, mchiding from human brain 
35 bkipsies. bi this method. oBgomiclaotides correspomlmg to a portion of the ^m^Lnt B""" " 
are used to detect specific mRNA species m the brain. 
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Bitiinied brain tissue is perfused with a 4% f onnaldehyde solution using standard histology methods. The 
brain tissue is froten with liquid nitrogen and cut into 5 to 30 Afln sections that are placed on sfides and 
incubated in proteinase K for approximateir 15 minutes. The slides are then rinsed in diethyi)yrocarbonate.trBated 
water, and atbanol and placed in a prehybridization buffer. 

A radioaethre probe corresponding to the PCR product obtained from using primers SEQ 10 N0:3 and SEQ 
ID N0:4 (see Eiampb 1) is made by performing the PCR using \a "PJdCTP to the reaction mixture. The labefaid PCR 
product is incubated with the sectiomid brain tissue usmg standard hybriditation methods. After mcubation and 
washing at a temperature that aDows btodtog to the S-HTjCer orient mRNA but not to the 5.HT2Ccy, -"RNA, the 
slides are air dried and tobetad arees are »isuabed by autoradiography. Dark spots on the tissue semple indicate 
hybridization of the probe with the brein mRNA thereby demonstrattog expressmn of the 5 HT2C5er "a™"* ««»ptor. 

EXAMPLE 20 
Site^iirected MutMMB«i« im^f Syntheait nf mBM^ 
A homen 5-HT2c receptor cDNA clone consistmg of the entire coding region of the S-HTjc receptor 
(Saltzman et aL. B'ntbBm. Biophys. Res. Comam. 181:1469. 1991) was subclonad into an pSP72 vector at EeoRI 
and Xball sites for mutagenesis. The singto-base mutation that converts cysteme (encoded by TGT) to serine 
(encoded by TCT) in the resuhing protein was totroduced into the human S-HTjq receptor cDNA at codon 23 by 
recombinant PCR (VaDette et aL. Nut. Acid Res. 17:723. 1889)l The euthenticity cf the stogie base mutation was 
confirmed by double stranded DNA sequenctog (United States Btochemteal Ctevehnd, OH). Compbmentary RNA was 
prepared by in vitro transcription using the mCAP- kit from Stretagene aa JoBa. CA). 

The mutated cDNA provided a ready source of mRNA specific for the S-HTjc^, receptor. That mRNA as 
weU as mRNA prepared from the cDNA encoding the 5.HT2Ccys «ceptor was expressed to oocytes isolated from 
the African clawed toad. Xenopus btm. Following expression, the oocytes were tested for differences to Bgand 
bmdtog between the wiUtype and alleiic veriant of the 5-HT2c present on the oocytes' surface. 

mmul, 

QgCm PfflPffmfop. Oogytt MPrBHiow and Pharmacofnoieaf Chan.ctpm,ti«^ f f -f fT ?rnr - «nd S-HTo ^.- Jlsmn 

Electroohvsioliiiife»lR«tffrtjnH ^w^M"-- " .luser-"-* 



The oocytes were isotated from mature femob J^mpia ltnis. The foleular toyer of the oocytes was 
30 removed by treetment with 02% coOagenase A. and oocytes were transferred toto a modiTied Berth's sabia (MBS) 
sohition contatotog: NaCI SB mM. K0 1 mM, NaHCOs ^ ^ ^m^i^ mM, CaCij 0.9 mM. MgS04 0.8 mM. 
HEPES 10 mM (pH 7.51 to await mRNA or cRNA tojeetion. Approxtoiataly 16-20 ng cRNA was injected per oocyte 
usmg e microinjection pump (World Praciston Instruments, New Heven, CT). Between two ami three days foHowtog 
oocyte cRNA micromjection. whole ceO currants were measured to a perfusion medium MBS mder two-etoctrode 
voltage-clamp at -70 mV. Serotonin was superfused at the rete of epproxmetely 3 mllMn. for 30 seconds, with 
a period of 20 mmutes between eppEcations. 
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Xenopus ooeytei have endoffenoiit Ca'-^ct«ated cMorida channeb thM can serve as a functional indicator 
for rocoptor^ediatod inosttoltriphosphate 0P3) inaease. Tatem adv«.tap of this propertr. th. oocyte e«pn»»on 
,y,tom has been widely used to phannacologicaOy charact«i» B-HTjc function after microii«ectiDn of the symhettt 
receptormRNA into oocytes(Juliuset8U&&«» 241:558. 19881. W. compared the electrophysiological propwties 

5 of thehumen5.HT2Ccy5 end S-HTjcser ""d'' """'^^^^^ 

in FIGURE 3. serotonin (5411) ecthrated similar inward oscillating currents with a slow onset (3-10 sec) in oocytes 

expressing either 5 HT2Cser " 5*T2Ccyr 

In agreement with others, we found that by allowing at toast 20 min between the drug applications it was 
possible to achieve consistency in subsequent S-HT-activated responses. The currenu ecthrated by 10 nM 5 HT were 
10 -suppressed in the presence of 1 //M Ml-naphthyl) piperaiine HCL (PPRZ). which is a setectiv. antagonist for S-HTza 
and 5-HT2C receptors. The effects of PPRZ on S-HT-activated response tor both types of receptors was reversible 
after e 20 min wash. A detectable biward current wes ectivated by 1 nM 5-HT in cells expressing either B HTzccys 
„ 5.HT2Cer ^ S HT-activated cunents increased in a concentration-dependent manner 

as agonist concentrations were im:reased from 1-500 nM (see FIGURE 4). Similar maximal responses were obteined 

15 with 500 nM 5-HT in oocytes expressing either the 5-HT2Ccy$ »' 54fT2CsBr 

EXAMPLE 22 

\W^'^ Bindinn to S4fTy f.fy._an!L5jg9r.«. RWPtPf^ I" Human QeB^ 

Cells expressing the 5-HT2Ccy, or B-HTzcer r»ceptors are isolated from human tissue, inchiding from brein 
20 biopsies or cells isolated from CSF. using commonly known methods. The ce«s are tacubated with kmiwn or 
suspected Bgands for sufficient time ami in sufficient concenuations to aOow binding to the receptors, 
employing commonly used methods for detennining binding in mOc. Known or «»pected ligands inch<de 
analogs. B-HT antagonists, and various pharmacotogical drugs used to treet neurepsychiatric disorders. Ligands are 
bbetod ehher redioectively or f toorescently end reletiv. bimrmg of the ligami to the S-HTjc receptors is measured 
25 by measuring the .mount of rmlioactivity or fluorescence attached to the membranes after the unbomHl f ract«n » 

wiited away. . r • i 

The relative binding efficiencies of ligands may be useful in developmg new drugs to treat certam cHnttal 
conditions, or in determining effecthr. drug dosages for cEnical troMment of mdhrmuals with specHic genotypes for 
the 5-HT2C receptor. 

Trmif rt- - T M rml T" S-HT^r ^._aiiL£Hl9r.«i f B0C«Ptor BWW 

Expression of the two forms of the 5-HT2c serotonin receptor is essayed in mammalian C0S7 ceBs 
35 uensfected with the gem» encoding the 5-HT2Ccy, or 5.HT2c„r P"^**** " 

The 5-HT2Ccy, "1 5-HT2Cser 0««« '^^^"^ """""" """""^ 
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mobcmar doning methods. The transfected C0S7 cells are then placed in media for about 72 hours to aOow 
expression of the 5-HT2Ccys or 5-HT2Cser "ceptors on their ceD surface. 

C0S7 ceils are transientiy transfected with the pSHa S HTzccy, PSBa-S-HTjcer construct using the 
calcium phosphate precipitation method as previously described by Monsma. FJ. et el. Pnc. NatL Acad. ScL USA 
B7:6723. 1990. CeBs are harvested 72 hours after trensfection and either used directly or the membramss 
contaning the S-HTjc receptors ere isolated from the ceOs using methods described below. 

Cels or membramis isoleted from them are used to assay binding of various Ggends of pharmacological 
biterest The rebthre binding efficiencies of fgands are useful in developing new drugs to treat clinical conditions 
essocrated with 5-HT2c receptors. 

Whie C0S7 ceDs are a preferred embodiment, those skilled in the ert wiD appreciate that other ceOs and 
vectors could be used in transfection for expression of the 5-HT2c receptor genes. 

EXAMPLE 24 

Liqend Binding to Mammalian Tells Transfected with the 'i-HT^ Cy^.andMI^r,, , Receotor G«.p» 

Mammalian C0S7 cells are transfected as described ebove. and bimiing of ligands to the 5-HT2Ccy, « 5" 
"T2Cser «'«««nin receptors is assayed using whole cells expressing the B-HTaccy, " ^^zq^ receptorsTn their 
surface. 

Cens are coDected 72 hours after transfection and placed In fresh media containing radiolabeled or 
fluorescemly labeled figands. Ligands inciude 5.HT analogs, 5-HT antagonists, and various pharmacological drugs used 
to treat neuropsychiatric disorders. After incubation for various ttaies to aOow bimiing of the ligands to the 5.HT2C 
receptors, ceHs are washed ami then essayed for binding of the Bgand to the cells, employing commonly used 
methods for detecting radioactivity or fhiorescence. 

This method is useful because cefls that express B-HTjc receptors can be obtained with rotative eese 
without relying on clinical samples. MemmaOan C0S7 ceils probably reflect the phystotogical comlitiona normally 
affecting expression of serotonin receptors in humans. The retothre binding efficiencies of ligands are useful in 
developing miw drugs to treat clinical conditions associated with 5.HT2C "'"ptors. or in determining effecthre drug 
dosages for clinical treatment of indhriduab with specific genotypes for the 5-HT2c receptor. 

EXAMPLE 25 

llgwd mm Iff Mftfpbranes (rotated from Mammalian Culls TrM.rf.e t gd with thp S-HTj p. ,nd S-HT^ p,,, 

Recentnr Banaa ' 

Mammafian C0S7 celb are transfected as described above, end bhding of ligands to the 5.HT2Ccy5 » 5" 
"^2C$er 'wotonin receptors is assayed using membranes bolated from coBs expressing the 5W2Ccys m 5W2C5„ 
receptors on their surface. CeBs are harvested 72 hours after transfection and either dbrupted in a dounc" 
homogenirer in 50 mM Trb-HCI, pH 7.4 et 37»C, 10 mM MgS04 and 0.5 mM EOTA. or frozen in 5 mM Tris-HCI, 
pH 7.4 at 2S'C. 5 mM MgCl2. 250 mM sucrose end stored in liquid N2 prior to membrane preparation. Crude 
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membranes were prepared from ceU homogenates by centrHugation at 4W00 x 9. and ra-siiapeniion in 
homogeniration buffer at a protein contenuation of 60 /flj/mL 

Once the crude membranas are prepared from the caO homogenates. screening of various pharmacologically 
indicated Egands for differential bindmg to the S-HTjc receptors is performed as discussed above. Uganda which 
5 are radiolabeled or fluorescently labekid, inchide 5-HT analogs, 5-HT antagonists, ami various pharmacotoolcal drugs 
used to treat neuropsychiatric ifisorders. 

This method is useful because it provides a ready source of serotonin receptors expressed on mammalian 
cells for comparison of many diffarant Egands. alone or in combination, under identtoal binding conditions. T1» 
information from the assay relating to relative binding efficienclBS of Egands is useful in developing new drugs to 
10 treat certain clinical conditions associated with eipression of the different forms of the 5-HT2c receptor. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION 

(i) APPLICANT: United States Government as represented 
by the Secretary, Department of Health 
and Hiiman Services 



(ii) TITLE OF THE INVENTION: ALLELIC VARIATION OF THE SEROTONIN 
5HT2C RECEPTOR 



(iii) NUMBER OF SEQUENCES: 6 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Knobbe, Martens, Olson and Bear 

(B) STREET: 620 Newport Center Drive 16th Floor 

(C) CITY: Newport Beach 

(D) STATE: CA 

(E) COUNTRY: USA 

(F) ZIP: 92660 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette 

(B) COMPUTER: IBM Compatible 

(C) OPERATING SYSTEM: DOS 

(D) SOFTWARE: FastSEQ Version 1.5 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/310,271 

(B) FILING DATE: 21-SEP-1994 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Fuller, Michael L 

(B) REGISTRATION NUMBER: 36,516 

(C) REFERENCE/DOCKET NUMBER: NIH103 • OOlVPC 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 619-235-8550 

(B) TELBiPAX: 619-2315-0176 

(C) TELEX: 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2733 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 
(ix) FEATURE: 



(A) NAME/KEY: Coding Sequence 
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(B) LOCATION: 788.. -2164 
(D) OTHER INFORMATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 

GAATTCGGGA GCGTCCTCAG ATGCACCGAT CTTCCCGATA CTGCCTTTGG AGCGGCTAGA 60 

TTGCTAGCCT TGGCTGCTCC ATTGGCCTGC CTTGCCCCTT ACCTGCCGAT TGCATATGAA 120 

CTCTTCTTCT GTCTGTACAT CGTTGTCGTC GGAGTCGTCG CGATCGTCGT GGCGCTCGTG 180 

TGATGGCCTT CGTCCGTTTA GAGTAGTGTA GTTAGTTAGG GGCCAACGAA GAAGAAAGAA 240 

15 GACGCGATTA GTGCAGAGAT GCTGGAGGTG GTCAGTTACT AAGCTAGAGT AAGATAGCGG 300 

AGCGAAAAGA GCCAAACCTA GCCGGGGGGC GCACGGTCAC CCAAAGGAGG TCGACTCGCC 360 

GGCGCTTCCT ATCGCGCCGA GCTCCCTCCA TTCCTCTCCC TCCGCCGAGG CGCGAGGTTG 420 

CGGCGCGCAG CGCAGCGCAG CTCAGCGCAC CGACTGCCGC GGGCTCCGCT GGGCGATTGC 480 

AGCCGAGTCC GTTTCTCGTC TAGCTGCCGC CGCGGCGACG GCTGCCTGGT CTTCCTCCCG 540 

25 GACGCTAGTG GGTTATCAGC TAACACCCGC GAGCATCTAT AACATAGGCC AACTGACGCC 600 

ATCCTTCAAA AACAACTGTC TGGGAAAAAA AGAATAAAAA GTAGTGTGAG AGCAGAAAAC 660 

GTGATTGAAA CACGACCAAT CTTTCTTCAG TGCCAAAGGG TGGAAAAGAA AGGATGATAT 720 

GATGAACCTA GCCTGTTAAT TTCGTCTTCT CAATTTTAAA CTTTGGTTGC TTAAGACTGA 780 

AGCAATC ATG GTG AAC CTG AGG AAT GCG GTG CAT TCA TTC CTT GTG CAC 820 
Met Val Asn Leu Arg Asn Ala Val His Ser Phe Leu Val His 
35 1 S 10 

CTA ATT GGC CTA TTG GTT TGG CAA TCT GAT ATT TCT GTG AGC CCA GTA 877 
Leu lie Gly Leu Leu Val Trp Gin Ser Asp He Ser Val Ser Pro Val 
15 20 25 30 

GCA GCT ATA GTA ACT GAC ATT TTC AAT ACC TCC GAT GGT GGA CGC TTC 925 
Ala Ala He Val Thr Asp He Phe Asn Thr Ser Asp Gly Gly Arg Phe 
35 40 45 

45 AAA TTC CCA GAC GGO GTA CAA AAC TGG CCA GCA CTT TCA ATC GTC ATC 973 
Lys VhB Pro ASP Gly Val Gin Asn Trp Pro Ala Leu Ser lie Val He 
50 55 60 

ATA ATA ATC ATG ACA ATA GGT GGC AAC ATC CTT GTG ATC ATG GCA GTA 102X 
50 ill lie lie Met Thr He Gly Gly Asn He Leu Val He Met Ala Val 
65 70 75 

AGC ATG GAA AAG AAA CTG CAC AAT GCC ACC AAT TAG TTC TTA ATG TCC 1069 
ser Met Glu Lye Lys Leu His Asn Ala Thr Asn Tyr Phe Leu Met Ser 
55 80 85 90 

CTA GCC ATT GCT GAT ATG CTA GTG GGA CTA CTT GTC ATO CCC CTG TCT 1X17 
Leu Ala He Ala Asp Met Leu Val Gly Leu Leu Val Met Pr'o Leu Ser 
95 100 105 

^ CTC CTG GCA ATC CTT TAT GAT TAT GTC TGG CCA CTA CCT AGA TAT TTG 1165 
SS Leu Ala He Leu Tyr Asp Tyr Val Trp Pro Leu Pro Arg Tyr Leu 
115 120 12b 
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1213 



xoD 170 

!0 205 

^•"-^ 220 



235 



TAG GTT CTG CGC CGA CAA GCT TTG ATG TTA rrr i-ivi^ 
» Tyx VjJ ^„ «i„ ^oiJ-^H-^^^,; 



1549 

Glv Hie TH-»- n^^ 

250 



35 



GAA CCG CCT GGA CTA AGT CTG GAT TTC CTG AAG Tro Tnr^ f.^^, 
Olu pro Pro Ser Leu *sp Vhe"LS»|^=c^'«y^,Jf 



270 



ACG GCC GAG GAA GAG AAC TCT GCA AAC Crr AJ^n r-A* r^y^r. • 

Thr alu «lu Clu s.r^."£,„^=|r5*LS^S'=^^^«C^^«„ 

40 280 285 



*f * ^ GTC CTT GGG ATT GTT TTC TTT i 

He Asn Asn Glu Arg Lys Ala Ser Lys Val Leu 01y'^IlTvJ?%S^Phe 

315 

350 

50 3«0 365 



1693 



1741 
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™ r-r'r- rrc ACT GCT TTG TCT GGG AGG GAG CTT AAT GTT AAC 2029 
vli ATa^S^a'^S/SaTeu Ser Gly Arg Glu Leu Asn Val Asn 



400 



415 

«w ^ivr^ j^Tr* nui^ GTT GAG AAT TTA GAG TTA CCA GTA AAT 2125 

f.S^y'?^e^u*5^t'^nTal'^l»"«n Olu Leu Pro v.l^«n 



435 



CCC TCC AGT GT6 GTT AGC 6AA AGG ATT AGC AGT GTG TGA GAAAGAACRG C»C 2177 
P?o ser Ser Val Val Ser Glu Arg lie Ser Ser Val 

455 



450 



AGTCTTTTCT ACGGTACAAG CTACATATGT AGGAAAATTT TCTTCTTTAA TTTTTCTGTT 2237 
GGTCTTAACT AATGTAAATA TTGCTGTCTG AAAAAGTGTT TTTACATATA GCTTTGCAAC 2297 
CTTGTACTTT ACAATCATGC CTACATTAGT GAGATTTAGG GTTCTATATT TACTGTTTAT 2357 
AATAGGTGGA GACTAACTTA TTTTGATTGT TTGATGAATA AAATGTTTAT rTTTGCTCTC 2417 
CCTCCCTTCT TTCCTTCCTT TTTTCCTTTC TTCCTTCCTT TCTCTCTTTC TTTTGTGCAT 2477 
ATGGCAACGT TCATGTTCAT CTCAGGTCGC ATTTGCAGGT GACCAGAATG AGGCACATCA 2537 
CAGTGGTTAT ATTTCAACCA CACCTAAATT AACAAATTCA GTGGACATTT GTTCTGGGTT 2597 
AACAGTAAAT ATACACTTTA CATTCTTGCT CTGCTCATCT ACACATATAA ACACAGTAAG 2657 
ATAGGTTCTG CTTTCTGATA CATCTGTCAG TGAGTCAGAG GCAGAACCTA GTCTTGTTGT 2717 

2733 

TCATATAOGG GAATTC 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 459 amino acids 

(B) TYPE: amino adds 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(V) FRA<»IENT TYPE: internal 
(vi) ORIGINAL SOURCE: 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
Met val Asn Leu Arg Asn Ala Val His Ser Plxe Leu Val His Leu lie 
Giy Leu Leu Val T^ Gin Ser Asp lie Ser Val Ser Pro Val Ala Ala 
lie val Thr lip He Phe Asn Thr Ser Asp Gly Gly Arg Phe Lys Phe 
pro ASP G!y val Gin Asn Trp Pro Ala Leu Ser lie Val He He lie 
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II. H« Thr II. Oly Oly A.„ II. i,e„ v.l lie „« val Ser «.t 
«u Ly. ..y. Hi, ^„ ^„ 

lie Ala ASP Leu Val Gly Leu Leu Val Met Pro Leu Ser fl„ 
«. II. Leu Tyr Aap Tyr Val Trp Leu Pro »rg Tyr ^^S cy. Pre 

Val Trp He Ser Leu Asp Val Leu Phe Ser Th,- 

130 *^ ™« ser Thr Ala Ser lie Met His 

cya Ala He Ser L.„ Aap Ar, Tyr Val Ma 111 Arg A.„ Pro II, 
«u Hia ser Ar, P., Aan Ser Ar. ^ Lys III J 
II. V.1 Trp Al. „a s.r II. Gly v.l I.'? Val Pro He Pro III H. 
Oly Leu AT, Aap Glu Glu Lye Val Ph. val Aan Aon Thr cya val 
reu Aan Aap Pro Aan Phe Val l.u II. oi, s.r Ph. HI Ala Phe Phe 
lie Pro L.U Thr II. Val He Thr Tyr Cya 11° Thr II, Tyr Val 
"u Ars Arg Gin Ala Leu Met Leu :.u Hie IVy „i, Thr Glu Glu I'ri 
Pro Oly Leu Ser Leu Aap Ph. Leu Lya ?Ja° Cy, Ly. Ar, Aan Ala 
Glu Glu Glu Aan Ser Al, Aan Pro 111 Gin Aap Gln Aan 'Al Arg Arg 
Arg Lys Lya Lya Glu Arg A^ Pro Arg Gly Thr Met III Al. II. Aan 
Asn Glu Arg Lya Al. Ser Lya v.l L.u Gly II. J2? ph. Ph. Val Phe 
t.eu He Met Trp Cy, Pro Phe Phe He Thr He Leu Ser Val 

Cya Glu Lya Ser Cya Aan Gin Lya Leu MM Glu I.™ i-„ , 

Ph. v.l Trp He Gly Tyr Val Cva Ser al« ti. > „ 

35S 3?, 11« fro «^ Val Tyr 

Thr L.U Phe A«> Lya II. Tyr Arg Arg Al. Ph. s.r 111 Tyr L.u Arg 
cya Aan Tyr Lya Val Glu Ly. Ly. Pro Pro v.l Gin He Pro Arg 
v.1 Ala Al. nu: Al. l.u s.r Gly Arg Glu HI Aan Val Aan He 
Arg Hi. Thr Aan Glu Pro v.l II. gIu JJa° Ala Ser Aap Aan 'cll Pro 
Gly He Glu Met Gin Val Glu Aan Leu Glu Leu Pro v.1 t^l pro s.r 



10 



20 



30 



40 



45 



50 ^^"^ ""^^ ^5 Ser Ser Val * 

450 455 

(2) INFORMATION FOR SEQ ID NO: 3: 

KC (i) SEQUENCE CHARACTERISTICS- 

^5 (A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



60 



(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
CACCTAATTG GCCTATTGGT T 

(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUBN.CE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
AAGGATTGCC AGGAGAGACA G 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
TTGGCCTATT GGTTTGGGAA T 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGIN/Oi SOURCE: 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
GTCTGGGAAT TTGAAGCGTC CAC 



9609386A2J.> 



15 



WO 96/09386 PC7rAJS9S/12002 

-25. 

WE ClAIM : 

1. isolated ONA encoding the serotonin SHTjc receptor, wriierein said ONA encodes a serine at amino acid 
position 23 of said receptor. 

2. Tin isolated ONA of Claim 1 wherein said ONA Is in a vector. 
5 3. The isoleted ONA of Claim 1 wherein said ONA has the nucleic acid sequence of SEQ ID N0:1. 

4. An isolated protein having the emino acid sequence of a serotonin SHTjc receptor, wherein said 
protein has a serine restdin at ammo acid position 23. 

5. The isolated protein of Claim 4 wherein said protein has the ambio acid sequence of SEO ID NO:Z 

6. A method for detecting the presence of ONA encoding en allelic variant of the serotonin BHTjc 
10 receptor, comprising: 

isolating ONA encoding the serotonin 5HT2C receptor; 

amplifying a region of said ONA that encodes amino acid number 23 of the serotonin BHTjc 
receptor; and 

determining whether said isolated ONA encodes e serine residue at amino add number 23. wherein 
a serine residue at amino acid position 23 indicates the presence of an allelic variant of the serotonin 
SHTjQ receptor. 

7. The method of Claim 6 wherein sahl amplifying step comprises polymerese chain reaction 
amplification. 

8. The method of Claim 6 wherein said ampfificetion uses ONA primers that insert a new restriction 
20 site near the codon that encodes emino acid number 23. 

9. The method of Clant 8 wherein said restrurtion site is cleeved by HinfL 

10. The method of Claim 8 wherein said ONA primers are SEQ ID NOS: S and 6. 

11. The method of Claim 6 wherein said determining step further comprises restriction enzyme 
digestion followed by gel electrophoresis. 

25 12. The method of Claim 6 wherein said determin'mg step inchides denaturation of said isolated ONA. 

13. The method of Cleim 11 wherein said restrution enzyme is Rsa I. 

14. The method of Claim 1 1 wherein said gal electrophoresis is on a Mutation Detection Enhancement 

geL 

15. The method of Cbim 6 wherein said determining step further comprises nucleic ecid sequencing 
30 of the amplified ONA. 

16. An entibody speciTic for the serotonin 5HT2c receptor protein wherein seid receptor 
protein has a serine at ammo acid position 23. 

17. The antaiody of Claim 18 whereh seid antibody is a monoclonal antibody. 

18. A method for detecting the presence of an aHeEc variant of the SMOtonn 5HT2c receptor. 
35 comprising: 

providbig e biological sample contemmg the serotonin 5HT2Q receptor; 
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conlactino said sample whh an antibody which specificaBy binds to a serotonin 5HT2c receptor 
with a serine residue located at amino acid position 23; and 

detecting the binding of said antftody to said receptor, wherein detectable binding Indicates the 
presence of an allelic form of the serotonin 5HT2c receptor^ 
S 19. The method of Claim IB wherem said ceils are human. 

20. The method of Claim 18 whereto said cells are brain cells. 

21. The method of Claim 18 wherein seid antbody is specific for the extracellular loop of the first 
transmembrene domata of the serotonin 5HT2c receptor. 

22. The method of Claim 21 whereto said antibody is a monoclonal antibody. 

23. The method of Claim 18 whereto said antSiody is labelled. 

24. The method of Claim 23 whereto said label is radtoacthrity. 

25. The method of Claim 23 whereto said label is a fluorescent molecule. 

26. The method of Claim 18 whereto said antibody is monoclonal. 

27. The method of Claim 1 8 whereto said detecting step further comprises f tourescence activated ceU 

15 sorting. 

28. A method for detecting the presence of an allelic variant of the serotonto 5HT2c receptor. 



compristog: 



20 



providing a biological sample containtog the serotonto 5HT2c recepton 
contacttog said sample with en entibody which specifically btods to a serotonto 5HT2c receptor 
havmg a cystetoe residue located at amtoo acid position 23, and whereto said antibody does not bmd a 
5HT2C receptor havmg a serine residue at poshton 23; end 

detecttog the ebsence of btoding of said antibody to said receptor, whereto lack of detectobto 
btodtog todicetes the presence of an allelic form of the serotonto 5HT2c receptor. 
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FIG. 2 
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FIG. 3a 
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